Rationale: The potential benefits of statins for the prevention of exacerbations in patients with COPD remains controversial. No previous studies have investigated the impact of statins on clinical outcomes in COPD patients with frequent exacerbations. Objective: This study aimed to evaluate the association between the use of statins and the risk of subsequent hospitalized exacerbations in COPD frequent exacerbators.
Introduction
Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality worldwide. 1 Exacerbations of COPD can lead to hospitalization, worsening lung function, worsening quality of life, and increased mortality. [1] [2] [3] [4] A higher frequency of COPD exacerbations has been associated with worse disease progression, a higher risk of further exacerbations and hospitalization, and mortality. [5] [6] [7] [8] Therefore, the "frequent exacerbator" is recognized as an important phenotype in patients with COPD. In recent years, there has been a growing understanding of systemic inflammation in patients with COPD. [9] [10] [11] Frequent exacerbators have been
shown to have higher levels of serum C-reactive protein (CRP) during their exacerbation recovery period. 12 Therefore, new therapeutic strategies to reduce systemic inflammation might play a role in the prevention of recurrent exacerbations in COPD patients.
Statins have been demonstrated to have antiinflammatory and antioxidant effects. [13] [14] [15] [16] [17] [18] The use of statins has also been shown to have beneficial effects on cardiovascular outcomes. [19] [20] [21] Observational studies have demonstrated that the use of statins may reduce the risk of exacerbations, [22] [23] [24] [25] as well as lung-related and all-cause mortality [26] [27] [28] [29] in patients with COPD. Nevertheless, another observational study demonstrated that statins may only be associated with a decreased risk of exacerbations in patients with COPD with comorbid cardiovascular disease. 30 Although observational studies have reported that statins have a beneficial effect on the prevention of COPD exacerbations, a large randomized trial reported that simvastatin treatment had no effect on exacerbation rates or the time to a first exacerbation in patients with COPD. 31 In patients with COPD, the potential effects of statins remain controversial.
To the best of our knowledge, no previous studies have investigated the impact of statins on clinical outcomes in COPD patients with frequent exacerbations. Therefore, the aim of the current study was to evaluate the potential association between the use of statins and the risk of subsequent hospitalized exacerbations in COPD patients with frequent exacerbations in a real-world setting.
Materials and Methods

Data Source
The present population-based observational retrospective cohort study was conducted using medical claims data from the National Health Insurance Research Database (NHIRD) of Taiwan. The NHIRD contains registration files and original claims data, including details of all medical and pharmacy claims from hospitalizations, outpatient visits, and emergency services. Access to and the use of the database for the current study was approved by the National Health Research Institute. The present study was approved by the Institutional Review Board of Chang Gung Medical Foundation, Taiwan (approval number: 103-2966B).
Study Population and Design
Subjects who had a diagnosis code for COPD (ICD-9 codes 491, 492, and 496) in the NHIRD in at least six outpatient visits or one hospitalization from January 1997 to December 2010 were eligible for inclusion within the current study. These patient's data were retrieved from the NHIRD for analysis. A hospitalized exacerbation was defined as a primary discharge diagnosis code for COPD with at least one prescription for respiratory antibiotics or systemic steroids during the hospital admission. Those without a prescription for any COPD medication before enrolment, including beta agonists, ipratropium bromide, tiotropium, inhaled corticosteroids (ICS) or xanthins, were excluded from the study. Patients with a first COPD hospitalized exacerbation between January 2004 and December 2012 were selected for analysis, because the major maintenance medications for COPD, the combination of inhaled corticosteroids (ICS) plus long-acting beta-2 agonists (LABA), and the first long-acting muscarinic antagonist (LAMA), were available for prescription in Taiwan from 2001 and 2003, respectively. Propensity score matching was performed for gender, age, urbanization, income level, comorbidities and medications with ratio matching of 1 (statin users) to 4 (statin nonusers). A total of 9462 statin users and 37,848 non-users were included in the matched cohort, which was classified as cohort 1. Patients with a second hospitalized exacerbation within 1 year of their discharge from the first hospitalization were selected as frequent exacerbators. Again, 1:4 propensity score matching was used, and 2116 statin users and 8464 non-users were included the matched cohort, which was classified as cohort 2. The index dates for cohorts 1 and 2 were the dates of discharge from the first and second hospitalized exacerbations, respectively. The study cohorts were further classified into statin users and non-users. The preindex period for each cohort was 1 year before the index date, and this was used to determine baseline characteristics and statin exposure. The post-index period included a variablelength follow-up period to a maximum of 1 year, during which the study outcomes were assessed. These two study cohorts were followed from the index date to the occurrence of a hospitalized exacerbation, discontinuation of enrolment in the NHI program, the end of the 1-year follow-up period, or the end of the study period (December 31st 2013), whichever came first.
Exposure Measurements
Patients who received statin prescriptions for a cumulative defined daily dose (cDDD) for more than 28 days within the 365 days prior to the index date, were defined as statin users. Those who used statins for less than 28 cDDD days before the index date were defined as statin non-users. To evaluate the association between the total dosage of statins and the study outcomes, statin users were categorized into two groups according to their cDDD: 28-83, and ≥84. In addition, the use of statins was further categorized as current use (≤180 days) and past use (>180 days) according to the end of the most recent prescription before the index date.
Potential Confounders
Potential confounding risk factors for COPD were defined as the following comorbidities recorded during the enrolment period: cardiovascular disease, lung cancer and diabetes mellitus. Information on other medications that may have affected the risk of COPD exacerbation was also collected, this included LAMA, ICSs, ICS/LABA combinations, acetylcysteine, oral corticosteroids, respiratory antibiotics, beta-blockers, angiotensin converting enzyme inhibitors (ACEI), and aspirin. In addition, sociodemographic characteristics (age, sex, income, and level of urbanization) of the patients were also collected.
Statistical Analysis
The demographic factors and the proportions of comorbidities between the statin users and non-users were compared. Pearson's chi-square test was used for categorical variables and Mann-Whitney-Wilcoxon test was used for continuous variables. The incidence rates and 95% confidence intervals (CIs) for subsequent hospitalized exacerbations in each cohort were calculated for the 1-year follow-up period. The Kaplan-Meier method was used to estimate the cumulative incidence of hospitalized exacerbations. The Log rank test was performed to examine differences in the risk for subsequent hospitalized exacerbations. Death was considered to be a competing event prior to subsequent exacerbation and the competing risk regression model was applied as described by Austin 
Sensitivity Analyses
Many medications have shown positive effects on the prevention of COPD exacerbations. To evaluate potential effect modifiers, analyses were stratified by groups with and without the use of long-or short-acting bronchodilators, ICSs, acetylcysteine, oral corticosteroids, respiratory antibiotics, cardioselective and non-cardioselective betablockers, ACEI, and aspirin. Outcomes were also stratified by groups according to sex, age, and those with or without diabetes mellitus, hypertension, cardiovascular disease, and lung cancer. These sensitivity analyses were used to evaluate the difference and consistency between the use of statins and the risk of COPD exacerbations.
Results
As shown in Figure 1A and B, there were a total of 139,223 patients who had their first hospitalized exacerbation between 2004 and 2012 were selected for analysis. After 1:4 propensity score matching, 9462 statin users and 37,848 non-users were included in cohort 1. Among the patients with a first hospitalized exacerbation, 35,482 patients had a second hospitalized exacerbation within 365 days after being discharged for their first exacerbation and were defined as frequent exacerbators. After propensity score matching, 2116 statin users and 8464 non-users were included in the matched cohort, which was classified as cohort 2. The basic demographic characteristics of the patients after propensity score matching are summarized in Table 1 . Table 2 shows that the use of statins was associated with a significantly reduced risk (adjusted SHR, 0.89; 95% CI, 0.85-0.93, P<0.001) of a subsequent hospitalized exacerbation after the first hospitalized exacerbation of COPD. In the frequent exacerbators of COPD group, the use of statins was associated with a significantly reduced risk (adjusted HR, 0.88, 95% CI, 0.81-0.94, P=0.001) of a subsequent hospitalized exacerbation. Figure 2A and B illustrate the results of the Kaplan-Meier method for cohorts 1 and 2. The Log rank test revealed a significant difference over the entire Kaplan-Meier curve. Table 3 shows the results of the sensitivity analysis adjustments; this revealed a significant association between the use of statins and a reduced risk of subsequent hospitalized exacerbations according to different models in patients in cohort 1 (with a first exacerbation), except for those with female gender, those under 55 years of age, without hypertension, and those coexisting with lung cancer or osteoporosis. In the frequent exacerbators of COPD (cohort 2), the use of statins provided a protective effect against subsequent hospitalized exacerbations only in male patients aged 75 years and older coexisting with diabetes mellitus, hypertension, or cardiovascular disease, except for those patients with lung cancer or depression. Stratified analyses revealed that the protective effect of statins remained in frequent exacerbators with and without the concomitant use of ICS/LABA combination, acetylcysteine, oral corticosteroids, cardioselective beta-blockers, ACEIs and aspirin, but did not remain for those who used Tiotropium, inhaled corticosteroids, respiratory antibiotics, or non-cardioselective beta-blockers. Table 4 demonstrates that the use of statins reduced the risk of subsequent hospitalized exacerbations in a dosedependent manner in COPD patients with a first exacerbation (cohort 1). However, the dose-dependent effect of statins was not significant in the frequent exacerbators of COPD. Although the use of statins was associated with a reduced risk in COPD exacerbations, the decreased risk appeared to vary according to the recency of statin use. Current use of statins was associated with a greater reduced risk of subsequent hospitalized exacerbations, whereas there was no statistically significantly decreased risk for past users of statins in COPD frequent exacerbators.
Statin Use and the Risk of Hospitalized Exacerbations
Sensitivity Analysis
Dosage and Recency of Statin Use
Discussion
In the present population-based study, it was found that the use of statins was associated with a significant reduction in the risk of subsequent hospitalized exacerbations in patients with COPD after a first exacerbation. In the frequent exacerbators of COPD, the use of statins provided a protective effect against subsequent hospitalized exacerbations only in male patients aged 75 years and older coexisting with diabetes mellitus, hypertension, or cardiovascular disease, except for those patients with lung cancer or depression. Furthermore, current statin use was associated with a greater reduced risk of subsequent hospitalized exacerbation. To the best of our Figure 1 Study flow diagram of the patient enrollment process of the study cohort. COPD Patients with a first hospitalized exacerbation were included in the cohort 1 after propensity score matching (A). COPD patients with a second hospitalized exacerbation within 1 year of their discharge from the first hospitalization (frequent exacerbators) were included in the cohort 2 after propensity score matching (B). knowledge, this is the first study to observe a reduced risk of hospitalizations for COPD exacerbations with the use of statins in patients with frequent exacerbations.
Wang et al used administrative data from the NHIRD to demonstrate that any use of statins was associated with a 30% decreased risk of COPD exacerbations. 22 However, their Notes: *Competing risk regression models were used to compute the subdistribution hazard ratios (SHRs) accompanying 95% CI for subsequent hospitalized exacerbation in each cohort. SHRs were estimated by fitting the main model, which was adjusted for gender, age, urbanization, income, diabetes mellitus and cardiovascular disease. Abbreviation: cDDD, cumulative defined daily dose.
study cohort comprised of only 14,316 patients diagnosed with COPD and 1584 cases with COPD exacerbations. Our study included a larger study population of patients diagnosed with COPD (1,565,248 patients), and 139,223 patients with a first hospitalized exacerbation for COPD were identified. In addition, the impact of statins on clinical outcomes in the frequent exacerbators of COPD had not been previously investigated. Our study was the first to demonstrate a reduced risk of subsequent hospitalized exacerbation with the use of statins in frequent exacerbators of COPD.
Although previous observational studies have reported that statins may reduce the risk of COPD exacerbations, this evidence has been questioned due to the negative results of the STATCOPE trial, which showed no association between the use of statins and COPD exacerbations. 31 However, that prospective study was questioned because the exclusion criteria for the study participants led to decreased generalizability of the results. 33, 34 Patients in that study were excluded if they were taking statins previously or had any indications for receiving statins. Excluding these patients may lead to a situation where patients with systemic inflammation and cardiovascular comorbidities were excluded from the trial. 33 In our study, a large proportion of the patients with COPD had cardiovascular comorbidities, and systemic inflammation caused by the cardiovascular comorbidity may act synergistically with pulmonary inflammation, especially in frequent exacerbators of COPD, which could partly explain the findings. To eliminate the impact of cardiovascular comorbidities on the protective effects of statins on COPD exacerbations, propensity score matching was performed for gender, age, urbanization, income level, comorbidities and medications. Adjusted SHRs were calculated by controlling for demographic data and confounding factors, including comorbidities and medications. The stratified analyses found that in frequent exacerbators, the protective effect of statins was not observed in patients without hypertension or cardiovascular disease. The beneficial effect of statin use on exacerbations may be partly explained by a reduction in systemic inflammation, and the findings of the current study indicate that cardiovascular disease and hypertension seemed to play a more important role in systemic inflammation and pulmonary inflammation in frequent exacerbators of COPD compared with patients with a first exacerbation. Ingebrigtsen et al 30 reported that statin use was associated with a reduced risk of exacerbations in COPD patients, but had no beneficial effects on exacerbations in those with the most severe COPD without cardiovascular comorbidity, which is consistent with the findings of our study. Therefore, our study suggests that statin treatment is important in patients with COPD, especially in frequent exacerbators with cardiovascular comorbidity. Conversely, statins seemed to provide no beneficial effect for exacerbations in COPD patients with lung cancer. This may be partly explained by the worse outcomes and survival in patients with coexisting COPD and lung cancer. Furthermore, the protective effect of statins was not apparent in frequent exacerbators of COPD who had concomitant use of tiotropium and ICS. In frequent exacerbators of COPD, the use of tiotropium or ICS might provide maximal protective and anti-inflammatory effects for these severe COPD patients and thus statins could have no add-on effect to reduce the risk of further exacerbations. Analyses also found that statin use did not provide beneficial effects in frequent exacerbators of COPD with concomitant use of non-cardioselective beta-blockers, and this finding may be due to the fact that non-cardioselective beta-blockers can result in adverse respiratory effects in COPD patients. Our study had several strengths. The study was conducted using a national database, which is populationbased and includes all patients diagnosed with COPD in Taiwan. To ensure that patients who had diagnostic codes for COPD truly had COPD, patients who did not use any medications for COPD in the previous year before the index date were excluded from the study; thus minimizing the possibility of selection bias. Furthermore, data on the use of medications were obtained from the administrative claims database during the study period, which therefore eliminated the possibility of recall bias.
There are several potential limitations to our study. First, histological data on lung function and the severity of symptoms were not obtained, and therefore it was not possible to assess the severity of COPD. However, the patients included in our study have experienced at least one hospitalized exacerbation of COPD. In addition, the patients in cohort 2 were frequent exacerbators of COPD and were considered more severe than most COPD patients. Second, details on several confounders including smoking, body mass index, and radiologic images, which are associated with the extent of emphysema, were not included in the database. Third, it was not possible to confirm the precise dosage of statins that the study participants actually took. The actual dosage they took may have been overestimated if there was poor-compliance. Furthermore, a possible bias in the study was health behavior bias. A person who regularly receives certain healthcare or medications, has specific lifestyle characteristics that may lead to a decreased risk of exacerbations. Previous study found that patients who adhere to statins are systematically more health seeking than patients who do not remain adherent. 35 
Conclusions
In conclusion, the use of statins was associated with a significant reduction in the risk of hospitalized exacerbations in patients with COPD after a first exacerbation. Current use of statins was associated with a reduced risk of subsequent hospitalized exacerbations. Meanwhile, the use of statins in frequent exacerbators provided a protective effect against subsequent hospitalized exacerbations only in male patients aged 75 years and older coexisting with diabetes mellitus, hypertension, or cardiovascular disease, except for those patients with lung cancer or depression. Therefore, in frequent exacerbators of COPD, statins may be associated with a reduced risk of hospitalized exacerbations in specified patients.
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